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Abstract. Research has been carried out regarding the manufacturing process of polymer 
concrete made from a mixture of pumice, sand (1:1), corn husk fiber, epoxy and thinner 
resin. This research was conducted to determine the characterization of polymer concrete 
which will be tested physically and mechanically with the best composition mixture. The 
physical properties of polymer concrete which were analyzed namely density, porosity and 
water absorption; mechanical properties including impact strength, flexural strength and 
compressive strength, and polymer concrete microstructure analysis, namely SEM-EDX. 
The best results were obtained with a mixture of pumice, sand (1:1), corn husk fiber, epoxy 
and thinner resin. The result are as stated here, density: 1.84 g/cm3 with composition 
(49:49:2) 30 g epoxy resin, porosity: 0.44% with composition (50:50:0) 20 g epoxy resin, 
water absorption: 1.8% with composition (50:50:0) 25 g of epoxy resin. Whereas 
mechanical properties, on impact tests: 4.956 KJ/m2 with composition of (47:47:6) 25 g 
epoxy resin, flexural test: 22.22 MPa with composition of (45:45:0) 30 g epoxy resin, 
pressure test: 8.41 MPa with composition of (49:49:2) 30 g epoxy resin. XRD analysis 
shows that each of its constituents still have quartz, pumice, quartz, pumice-shaped 
hexagonal crystals, while corn husk fibers are amorphous crystals. The average sound 
absorption coefficient for the three samples (20%, 25%, and 30%) are 0.178; 0.152; and 
0.234 at a frequency of 500 Hz - 6300 Hz, which meets the requirements of ISO 11654 and 
ASTM C.384. 
Keyword: Polymer Concrete, pumice, Corn Skin Fiber and Epoxy Resin, sound absorption 
coefficient 
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1 Introduction 
Along with the latest development, there are major building structure materials, namely: wood, 
steel and concrete. Out of the three, the most common material is concrete. Starting from pipes, 
electric poles, foundations, dams, bridges, sports centers, to skyscrapers. Even large cities that 
are filled with buildings are sometimes called concrete. During the era of globalization and 
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development, Indonesia is not only starting to improve itself in the economic and political sector 
but also beginning to experience rapid development in the construction sector. We could 
observe it from the number of tall buildings with dozens of floors, both hotel buildings, 
apartments, schools, malls to office buildings. 
Concrete material engineering has developed so far, one by engineering concrete materials 
through the use of lightweight aggregates such as pumice. In order to speed up the hardening 
time of the concrete and also to be able to tightly close the cavities in the concrete, and to 
withstand high humidity; it is necessary to add a polymer material (epoxy resin) to the 
manufacturing process of concrete. Additionally, this composite can achieve mechanical 
strength 4-5 times higher compared to concrete cement, at the same time it is also durable and 
water resistance. 
Corn husk is an example of an abundant agricultural waste. Corn can grow almost anywhere in 
Indonesia. The utilization of corn waste in the form of husk is currently not optimal. Usually, 
the community uses the corn waste as a wrapper for traditional food, as livestock food, mats and 
handicrafts in the form of ornamental flowers. Corn waste is mostly lignocellulosic material. 
Corn husk is made up of 36.81% cellulose, 6.04% ash, 15.7% lignin and 27.01% hemicellulose 
[1].  
Concrete is commonly used as a material in building construction in Indonesia because of the 
advantages, such as the commonly-found composition ingredient which are also easy to form. 
Concrete is basically formed from a mixture of fine aggregates, coarse aggregates, cement and 
water or without additional mixture with a certain ratio. Some businesses in developed countries 
are actively reducing the use of cement in order to anticipate global warming, instead they are 
using polymer as a cement substitute adhesive so that it produces concrete with a higher 
compressive strength and in a shorter time. There are also alternatives to conventional cement 
binders such as polymer materials that are being developed today. Judging from the 
performance and behavior of the materials, polymer binders have different properties compared 
to conventional cement binders which are often used thus far. One type of polymer binder that 
has been studied is epoxy resin which has a relatively faster hardening time than conventional 
cement. This type of polymer binder is able to provide good mechanical properties [2-4]. 
2 Materials and Methods 
The samples used in this study are pumice, sand and stone taken from Stabat River in Langkat, 
North Sumatra, and Old Corn husk in the village of Seunebok Punti, Langsa. Pumice and sand 
are washed and then dried in the sun, after that they are grinded with mortar and then filtered 
with a 100 mesh sieve to obtain a fine pumice aggregate which is then weighed for analysis of 
density, porosity, water absorption, compressive strength, impact strength, flexural strength, 
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microstructure analysis: Energy-Dispersive X-Ray Scanning Electron Microscope (SEM-EDX), 
X-ray Diffraction, and soundproofing. 
3 Result and Discussion 
3.1 Water Absorption Measurement 
 
 
 
 
 
 
 
 
 
 
By adding corn husk fiber, the water absorption value tends to increase, and when the amount of 
epoxy resin is increased as well, it immensely affects the value of water absorption in polymer 
concrete. This is caused by the presence of epoxy resin as a binder. Therefore, the pores’ size in 
the polymer concrete are decreasing. If the water absorption in the polymer concrete decreases, 
the polymer concrete will become more resistant and increase in quality. 
From the results of the observation, it showed that the best conditions were obtained in the 
(50:50:0) composition and the weight of the epoxy resin was 20% of the total weight, the water 
absorption value was obtained at 1.9%. This means that the polymer concrete obtained 
relatively does not absorb water and has a non-hollow surface. With the least cavity contained in 
the sample, there is less water absorption. For pumice cement concrete with a mixture of 
cement, sand and pumice with open air hardening conditions, water absorption is around 7.84%. 
For conventional concrete generally has a water absorption value of 5.5% [5]. This shows the 
absorption value of polymer concrete water which is made better than conventional concrete. 
3.2 Impact Strength Testing 
As the amount of corn husk fiber increased, the impact strength also increased at the same time. 
Likewise, the addition of epoxy resin to the composition greatly affects the impact strength, 
because epoxy resin has a good binding ability. This has been proven by several data on natural 
Figure 1. Correlation between Water Absorption and Composition 
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bending studies such as those carried out by [6-10], and also the natural binder using natural 
rubber [11-16], concluded that natural binders can improve mechanical properties due to the 
physical or chemical interactions between two or more components. The right composition for a 
good polymer concrete is the one with the highest impact strength, in this case the highest 
impact strength is in the B4 sample with the composition of (47:47:6). It could be observed that 
the impact strength value of 30 grams of epoxy resin is better than 25 grams of epoxy resin and 
20 grams because the bond strength of 30 grams of epoxy resin is better. The influence of the 
proportion of constituent materials and homogeneity of the materials mixture are also the reason 
for the impact strength test results on the polymer concrete. 
 
 
 
 
 
 
 
 
3.3 Bend Test/Flexural Test 
 
 
 
 
 
 
 
The flexural strength of polymer concrete ranges from 2.81 to 22.2 MPa. From the graph, it can 
be seen that as the amount of sand and pumice increase, the flexural strength increases and if the 
Figure 2. Chart of impact strength testing with composition 
Figure 3. Chart of impact strength testing with composition 
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corn husk fiber is added, the flexural strength will decrease. Whereas, with the composition of 
epoxy resin, the higher the addition of epoxy resin tends to increase its flexural strength. 
From Figure 3, the polymer flexural strength value of the maximum flexural strength of 22.2 
MPa is in the composition of (50:50:0) with epoxy resin 20% of the total weight, and the 
minimum flexural strength is 2.81 MPa ie at composition of (50:50:0) with 20% epoxy resin. 
This shows that the reduced bonding of aggregate elements can also occur due to reduced 
adhesive ability so that the bond between particles is low.  
Hence, there is no homogeneity on the polymer mixture. When the amount of epoxy resin 
increased, the flexural strength will be increased as well. It happened because epoxy resin is 
able to easily flow and fill the cavity - Existing cavities or covering on Micro crack in order to 
increase the flexural strength. 
3.4 Compression Testing 
 
 
 
 
 
 
 
 
The compressive strength value of the polymer concrete ranged between 4.91 - 8.41 MPa. The 
graph displayed the addition of corn husk fiber has a great impact in decreasing the compressive 
strength due to the distribution of pores in sand, pumice and corn husk fibers. The compressive 
strength value will increase if the amount of epoxy resin is added due to its bond to sand, 
pumice and corn husk fibers and increases its strength. Furthermore, the adhesive functionality 
of epoxy resin can increase the compressive strength of the polymer concrete. Thus, the 
optimum conditions achieved in 0 gr corn husk fiber with 30% epoxy resin from the total weight 
generated compressive strength value of 8.41 MPa. While, the lowest compressive strength was 
achieved with 10 gr corn husk fiber with 25% epoxy resin which resulted in compressive 
strength values of 4.91 MPa. Previous research on normal concrete with the addition of 5% by 
Figure 4. Correlation between compressive strength with composition 
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weight of polyethelen type polymer material produced a compressive strength of 23.3 MPa [17, 
18]. 
3.5 SEM-EDX Testing 
In the Figure 5, SEM-EDX testing was carried out on polymer concrete samples with the 
composition of (50:50:0) and 20 g epoxy resin. From the results of the SEM test at 1000X 
magnification, it can be seen in black which possesses quite a lot of cavities in the polymer 
concrete; due to a mixture of pumice, sand and epoxy resin which is uneven. However, the 
bright white color shows that the epoxy resin binds well to the mixture so that it covers the 
pores even though the surface is uneven. 
 
Figure 5. SEM-EDX testing with 1000X magnification (50: 50: 0) 
The SEM test in the Figure 6 was carried out on the polymer concrete sample with the 
composition of (47:47:6) and with the addition of 25 g resin. It can be seen that this sample is 
better than the composition of (50:50:0) with the addition of 20 g epoxy resin. The picture 
displayed that the bright white color is an epoxy resin which covers a mixture of pumice, sand 
and corn husk fiber so that it look more evenly distributed, and the size of the polymer concrete 
grain is very compact. 
 
Figure 6. SEM-EDX testing with 1000X magnification (47:47:6) 
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3.6 SEM-EDX testing with 1000X magnification (47:47:6) 
The X-ray diffraction pattern shows the highest peaks. The diffraction pattern of polymer 
concrete with 20% epoxy resin and from the peak-(intensity) data list of pdf (5-0.490). Visible 
polymer concrete consists of peaks belonging to sand (quartz) at d = 4.22Ả, 3.32Ả, 2.40Ả, 
2.29Ả, 1.82Ả and 1.64Ả. Additionally, the peak (intensity) of pumice are d = 4.8Ả, 4.28Ả, 
4.02Ả, 3.73Ả, 3.63Ả, 3.23Ả, 3.17Ả, 3.10Ả and 1.82Ả. This is in accordance with PDF (5-
0.490). 
 
Figure 7. X-ray diffraction pattern of polymer concrete 30% (47:47:6) 
3.7 Sound Absorption Analysis (Sound Absorption Coefficient) 
Table 1. Data of sound absorption coefficient value α with frequency 
 
Figure 8. Relationship between α Sound Absorption Coefficient and Frequency 
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Of the three samples with a 20%, 25%, 30% epoxy resin mixture, it showed that the formation 
of particles is not homogeneous at greater frequencies resulting in an absorption coefficient 
fluctuating due to the uneven size of the granules and vacancies in the sample. 
Out of the three best samples in the 30% sample with a sound absorption coefficient of 0.234, it 
meets the requirements of ISO 11654 and ASTM C.384. The high attenuation power caused by 
30% of epoxy resin shows that epoxy resin is able to improve certain properties of polymer 
concrete, an increase in optimal sound attenuation power (30% sample) indicates that epoxy 
resin has advantages over using natural epoxy resins. Because in natural epoxy resins there are 
still other compounds contained in lignin and react in a polymeric network that forms natural 
epoxy resins. [19, 20] In natural epoxy resins there are still many phenol compounds and 
derivative compounds that can improve the properties of the damping power of polymer 
concrete. 
Of the three samples with a 20%, 25%, 30% epoxy resin mixture, it showed that the 
formation of particles is not homogeneous at greater frequencies resulting in an 
absorption coefficient fluctuating due to the uneven size of the granules and vacancies 
in the sample. 
4 Conclusion 
From the results of the research that has been done, it can be concluded:  
1. As the amount of corn husk fiber increases, the physical properties decrease, thus 
making polymer concrete lighter and increasing its water absorption value. 
Whereas, the mechanical properties of corn husk are increasing, the greater the 
value of impact strength and flexural strength. On the other hand, the more the corn 
husk fiber increases, the smaller the compressive strength of the polymer concrete. 
2. Characterization of polymer concrete with the best composition mixture in the form of 
physical properties, with a density: 1.84 g / cm3 with composition of (49:49:2) 30 g epoxy 
resin, porosity: 0.44% with composition of (50:50:0) 20 g epoxy resin, water absorption: 
1.8% with a composition of (50:50:0) of 25 g of epoxy resin. While the mechanical 
properties, at impact test: 4.956 KJ / m2 with composition of (47:47:6) 25 g epoxy resin, 
flexural test: 22.22 MPa with composition of (45:45:0) 30 g epoxy resin, press test: 8.41 
MPa with a composition of (49:49:2) 30 g epoxy resin. SEM-EDX microstructure is also 
influenced by the mixture composition of pumice, sand (1:1), corn husk fiber and epoxy 
resin. The sample surface and porosity will be well distributed if the epoxy resin binds well 
so that there is not much cavity in the polymer concrete. Characteristics of sound 
attenuation properties show the role of natural polyurethane as a binder as much as 30% 
with the composition (47:47:6) is the best sample with a sound absorption coefficient of 
0.234 this value in accordance with the requirements set by ISSO 11564 and ASTM C.384. 
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